A technique is described for the generation of l-5kV 200ps pulses in a 50n system. The switching action is controlled by bouncing a hard steel ball between contacts.
The pulse generator to be described has been used to generate extremely short pulses of large amplitude at repetition rates of a few hundred per second. The exact shape is difficult to determine with existing equipment, but the duration is apparently about 200ps and the amplitude about 1 -5kV; no other way of obtaining such pulses is at present available. The principle of operation consists in charging a small hard metal ball to a high potential and then discharging into a transmission line connected to the useful load. The switching actions required for charging and discharging employ sparks initiated by mechanical movements of the ball. In order to maintain rapid motion of the ball with small energy dissipation, it is bounced back and forth between the ends of cylindrical hard metal anvils, which also form the contact electrodes. The motion of the ball thus consists of periods of nearly constant velocity, while the ball is in free flight, separated by almost instantaneous reversals, when it bounces off the electrodes. As shown in Fig. 1 , the generator is constructed so that one of the electrodes, together with an outer metal tube, form a 50D transmission line. They are connected by means of a General Radio Type 874 connector to an output line of the same impedance. The other electrode, which is mechanically similar, is connected through a high resistance (not shown) to a source of direct voltage variable up to about 15kV. Both electrodes, with the ball between them, are cemented into a stout glass tube. In order to reduce the mechanical losses, it is desirable that the coefficient of restitution of the ball bouncing on the anvils should be as high as possible. A hardened-steel ball and cast stellite anvils have been found suitable; molybdenum anvils and ball are also usable. A steel ball may be driven under external control by a fluctuating magnetic-field gradient produced by a coaxially mounted solenoid (not shown). However, a much simpler expedient is to make use of the electrostatic forces on the ball, which result from its changing charge and the electric field of the electrodes. For supply voltages above about 1 kV, these forces will maintain oscillations at several hundred cycles per second. No external drive is then required.
GAS INPUT -POLYSTYRENE

Fig. 1 Construction of bouncing-ball pulse generator
In operation, the glass tube is filled* with nitrogen gas to a pressure of about 4001bf/in 2 . This prevents simultaneous sparking on both sides of the ball, while permitting a short travel (typically }mm) between the electrodes. A more important consequence of the high-pressure gas filling is the * TJl e sas is introduced from a storage cylinder by means of a stainless-steel capillary tube, which lies in a groove in the side of the charging electrode. There appears to be no reason why a sealed-off construction should not be used. 172 increase in the rate of current rise through the spark between the ball and the output electrode, and the consequent decrease in width and increase in amplitude of the output pulse. This spark is an absolutely vital part of the mechanism; if it is eliminated, e.g. by evacuating the tube, the increase in capacitance, as the ball approaches the electrode, reduces the potential difference between them to zero at the instant of contact. Then there is no narrow current pulse generated, but only a very low-amplitude triangular waveform resulting from electrostatic induction by the moving charge on the ball.
To evaluate the shape and amplitude of the output pulse produced, the generator was run at 13kV supply voltage, 4001bf/in 2 nitrogen pressure, using a 1/4 in steel ball. The output was examined in two ways:
(a) The autocorrelation function of the signal was measured by splitting it into two equal parts, introducing a variable differential time delay, and recombining the two halves in a microwave bolometer. It may be shown that the power measured by the bolometer, plotted as a function of time delay, represents the autocorrelation function of the pulse plus a constant. The result obtained in this way is shown in Fig. 2a ; the autocorrelation function has a full width of 320ps I am indebted to B. J. Elliott for Fig. 2b, the Current oscillations in CdS and other piezoelectric semiconductors are the result of the buildup .and propagation of a domain, which is a short pulse of acoustic energy with an accompanying very high electric field.' • 2 The current-oscillation period in uniform and homogeneous CdS is given by T = ljv s , where / is the electrode spacing and v s is the shearwave velocity.
We shall show that there exists a maximum oscillation frequency f max and a corresponding minimum sample length l min . No domains can be generated in samples which are. shorter than l mjn . We describe a method by which it is possible to increase the oscillation frequency beyond f max , by modulating the electric field in which the domain travels. The method, when applied to transferred-electron-type oscillators, 3 could significantly increase the oscillation frequency of such devices. The technique described here allows us to estimate the width of the high-field domain.
Under normal operating conditions (constant applied voltage pulse, uniform field and conductivity along the sample), the domain forms when acoustic noise continuously generated at the cathode is amplified by about ten orders of magnitude. In semiconducting CdS (0-l-10Qcm), the domain builds up at a distance / 0 from the cathode and propagates at velocity v s toward the anode, where it decays. In order to observe oscillations, we require that / 0 < /. The maximum oscillation frequency is limited by the minimum time t o =l o lv s required to amplify the acoustic noise to the value at which the domain forms. An increase in frequency requires a decrease in l Q (we assume that / = 2/ 0 ). For this, an increase in acoustic net gain per unit length is necessary, which in turn requires an increase in applied field. Since net acoustic gain per unit length versus field exhibits a maximum, 4 there exists a minimum value for l 0 , which for semiconducting CdS (T = 300°K, p 0 = lOQcm, fx = 300cm The oscillation frequency can be increased above the value fmax by periodically modulating the field along the sample, as shown in Fig. la . Aluminium stripes were evaporated on to one surface of a long bar of lOQcm CdS. The stripes periodically perturb the field along the bar. The perturbation is maximum just below the surface with the stripes, and zero just below the opposite surface. The resulting current oscillations are shown in Fig. \b. As the domain propagates past the stripes, it partially decaysf when below a stripe and builds up again between stripes. Such oscillations are, however, only possible if the domain width is of the order of or less than the width of the metal stripe. From Fig. 1 , we find that the domain width in our case is less than 75 /xm. The new oscillation period is given by r' = V\v s , where /' is the distance between We suggest that the technique illustrated in Fig. la can be used with long GaAs Gunn-type oscillators.
